In this paper we present our experience from a distributed software development project supported with basic Internet tools. In particular we focus on how these basic tools can be used for supporting the involvement of users in the development process. We sketch some observations, presenting some advantages and disadvantages of using such a basic cooperation infrastructure. Finally we highlight some requirements for lightweight groupware systems overcoming the described drawbacks.
Introduction
During the last three years our institute has been involved in an international project aiming at the development of an Internet-based multimedia information system for supporting collaboration and knowledge-sharing within the European aquaculture community. The project has run almost entirely on the Internet, using email and WWW as the main collaboration medium. This paper is an attempt to summarize our observations related to the use of this simple Internet infrastructure in a development project.
The studied development project can be characterized as a participatory design project in the sense that the development team has been constituted by both end users and developers working together throughout the project lifetime. In addition, early and frequent prototypes were used as a means for stimulating collaboration and improving the quality and usability of the final product.
In our study we wanted to investigate the utility of email and WWW in a participatory design context, especially in building a virtual space for participatory design, and to extract requirements for a more advanced support tool. When evaluating email and WWW, we have to ask ourselves three questions: 1) How well does the virtual space support a context for informal collaboration? A large amount of the collaboration in any design process is informal [1] . Intensive informal cooperation is needed for both users and developers in order to gain an understanding of each other's world, and of the design artifact being developed.
2) How well does the virtual space support a context for design? Informal collaboration alone will not result in a product. A virtual space should also provide support for tailoring a design space, in this way providing the users with a context for design in addition to a context for collaboration. Such a design space should be accessible and understandable to all the participants.
3) How well does the collaboration and design spaces interrelate? The informal collaboration space should be easily connectable to the (semi-)formal design space. The participants should be able to refer to the artifacts in the design space from their collaboration space [3] . Easy reference mechanisms are therefore necessary in order to allow the informal collaboration influence the formal design, and vice versa.
In the next section we will outline some of our observations based on these three points. Afterwards, we will present some design issues and suggestions that we believe can be used as a starting point for developing support environments for doing participatory design on the WWW.
The Settings for the Study
We have studied a research project (here called Alpha) involving different partners in three European countries. The involved partners were both academic and nonacademic. One of the main goals of Alpha was to develop a Web-based distributed multimedia information system for storing and accessing specialized, updated, and high quality information. The resulting system consists of a back-office part, used by information providers for sharing and manipulating information. The provided information is then published in the end user part of the product and consumed by the customers. There are though two kinds of users in the information system, the content providers and the end users of the content (see figure 1) . The project group has been working tightly together in order to outline requirements and test intermediate prototypes of the system. The organization of the project was in a traditional waterfall fashion with many feedback loops.
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The participants
Alpha project team consisted of 41 members, equally distributed among 4 sites in 3 European countries. Four functional teams were officially recognized within the project (project management, daily management, dll the teams including members with both technical and nontechnical background. All the teams involved members from different geographic sites. This means that everybody involved in the project had to face the problem of distribution. There was a high amount of turnover among the members, especially in the technical support group. This was partly due to the involvement of students in the programming activities.
Competencies and roles
The project team was fully distributed, not only geographically but also with respect to competencies and roles of the members. Most of the members from the aquaculture community had a modest knowledge of computers. They could use e-mail and WWW, but some of them had for instance difficulties setting up their email accounts, using email lists, editing Web pages, and setting up a videoconferencing session. Moreover, the technical infrastructure at their disposal was minimal. At the other end, members with a good background in computer science had little competency in aquaculture.
The roles played by the participants was partly influenced by the developed product (see figure 1 ). The end user role was two-folded. Information providers were mainly concerned with deciding the requirements for and testing the back-office part of the product. End users ran usability tests, and provided feedback about the end user part of the product. All the participants played also a developer role Figure 1 . The developed information system and the collaboration during its development.
in that they co-decided the requirements for the system, but technical developers were mainly responsible for implementing the technical system. Technical developers also played an important role in testing the prototypes.
The communication infrastructure
Project administration had regular face-to-face meetings every second month. Technical and scientific groups had face-to-face meetings and workshops in connection to each phase of the project. Besides these seldom meetings, all communication was done using emait and WWW.
Electronic mail and mailing lists
As is the case in many distributed settings, email quickly became the standard communication media. A list server was set up in an early stage, and several mailing lists were established. These lists were created by the management in an ad hoc manner according to the needs of each phase. At the end of the project there were 13 active lists being used by the members for different purposes. The most used lists were the technical and the ones with a mixed participation.
The World Wide Web Throughout the project the members used Web for sharing project information. Moreover, the Web was the platform used for developing the prototypes for the project. Besides a central Web server, each site had its own Web server where they had installed the prototype and published local information. The mailing lists were also integrated with the Web server such that all the messages were made available on the Web. The members were however not able to sent email using this Web interface. All the Web-based information was available for all the participants.
Research Method
The case study presented here reports on a period of approximately two years, from April 1996 to January 1998. The study is based on an initial analysis of raw data collected during the project. This data includes project deliverables, meeting notes and email messages sent to the various mailing lists. Beside the raw data, one of the authors has been participating in the project as a senior technical staff from August 1996 to the end of the project, with heavy involvement in the development of the prototype in cooperation with other project members.
Though this participation provides a deep insight into the project and reduces the lack of interviews with the participants, it can have somehow affected the objectivity of the results.
Observations
This section presents our observations done after the project was finished in January 1998. We have focused on observations that we believe are important for the type of collaboration support that can be provided for similar future situations.
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Informal collaboration
Mailing lists are analyzed as the main collaboration medium for the project members. The mailing lists were the main forum for providing feedback, discussing design issues, making design decisions, making announcements, etc. They served the purpose of keeping people informed about what happened in the different sites. For most of the members the mailing lists and the Web sites were the only means of collaboration and source of information about the progress in the other sites.
Providing feedback Mixed mailing lists used by users and designers proved to play an essential role during the lifetime of the project in collecting feedback for different proposals and prototypes, allowing for the incorporation of different perspectives.
The lists increase the awareness of the different needs, priorities and perspectives.
There were mainly two types of feedback. Feedback was collected 1) for evaluating features that had been incorporated into the prototype, and 2) for informing future decisions. Another important thing is that feedback was not only provided by the end-user, but also by the technical staff, especially on the future functionality of the system.
Access to experts
The availability of experts, with domain or technical knowledge, is crucial for the progress of a development project [2] . One major advantage of using email in Alpha was the easy access to different kinds of tacit knowledge. This would have been extremely difficult without mailing lists due to the geographical distribution of the participants. The proper experts were there when a question was asked, and would answer immediately.
One limitation of using mailing lists in this way was the fact that mailing lists are neutral with respect to individuals. Questions and requests were sent to the mailing lists with the hope that the proper expert would eventually read and answer them. This limitation gave rise to the problem that some members chose to move their discussions out of the mailing lists, and send personal messages directly to the person they knew was an expert. This in turn prevented other members from contributing with their ideas and opinions. The number of this kind of personal messages sent to some members was eventually much higher than the total number of messages sent to the mailing lists! Resolving design issues Maybe the most common use of the mailing lists was the resolution of design issues. This was also one of the areas where the mailing lists proved to be of limited use.
The normal practice when an issue was arisen was to send an email about the issue to a mailing list. All the participants could read and publicly comment on the issue in a brainstorm phase. This was very useful for the designers because they could rapidly collect the members' viewpoints without even leaving their desk. This process was also useful for the users because they could get informed about the limitations of the technical solutions, and get explanations on different alternatives. In some cases, one person would be responsible for collecting all the feedback and make a summary of viewpoints, and use this for taking decisions.
Mailing lists caused also some problems. Each issue gave normally rise to sub-issues or other related issues. A major problem that we faced was that people discussed these new issues while still under the subject of the initial email message. This subject was of course not anymore the proper subject for the new (sub-) issue. This became more complicated when the number of threads increased to over 2-3. When having too many concurrent issues under a common email subject, most of the issues were never handled or resolved. The mailing lists did neither give any active support for reminding the members of the existence of the different unresolved threads.
Later on, it was also difficult to locate all the messages sent related to a specific issue, which was important for decision-making. In this way, much of the potential of using mailing lists was eliminated because of the poor support of "localizing" discussion threads.
Decision-making Numerous decisions need to be taken during a development project, regarding both the actual design and other issues. Some decisions are taken locally (for example by the management), others globally. Mailing lists were used regularly for making design decisions. Both users and technicians helped in providing relevant evaluation criteria and information that were useful for all participants. The main problem associated with the use of mailing lists was to detect when a consensus is reached for taking a decision. In the considered project, this problem sometimes led to the management taking decisions "on behalf" of the whole project. Moreover, for each decision that had to be taken, a discussion was normally started, making it difficult at the end to understand the final proposed solution, as discussed in the last section.
Providing awareness The lack of awareness of the status of the development in different sites caused serious integration problems for the development team. There were also occasions of duplicated effort in different sites. Information about the activities of the local sites was withheld both because it was difficult to maintain status reports periodically, and because the local teams did not know what information was crucial for the other sites. This problem, however, did not exist internally in the local sites, where the members were normally in the same building.
Explicit communication was one way of telling others what was happening in the various sites, but often this method proved to be insufficient. The main awareness medium for the project turned out to be the actual prototypes that were developed and made available during the project. See the section on design space later.
Synchronous collaboration
Though almost all of the collaboration during the project was done asynchronously, there were occasions that would probably make use of synchronous collaboration support. This was mostly apparent in the level of programming, where the programmers (mostly students) , would exchange email messages with short intervals, trying to inform other programmers in other sites about the latest changes they had done.
Support for the design space
The topics covered in the last sections were related to the informal collaboration in the project team, where mailing lists played an essential role. This informal collaboration is an essential part of every design activity, The power of using mailing lists is mainly because of their informality and flexibility. We believe that imposing any structure on the process of exchanging messages in Alpha would have resulted in most of the users abandoning the mailing lists because of the lack of flexibility. But informal communication alone is not enough for creating a computerized information system, which is highly formal and in the need of a formal support environment.
On the other hand, our observations point to the important role that the mailing lists play in creating the design space of the information space. Event though the discussions seem to be unstructured, they constitute a design space with interconnected objects, ideas, roles, etc. The informal collaboration was "refined" into design artifacts, which in turn influence the informal collaboration. What follows are some examples that illustrate various attempts to providing a context for the design of the information system.
The structure of the design space Due to the complexity of most information systems, the design space is broken down into objects, areas of functionality, modules, documents, etc. These artifacts are used as the external memory of the project team [5] and as a means for coordinating the activities of the participants [6] . The structure of the design space in our case varied depending on the studied mailing list. In a technical list, the discussion threads were related to architectural issues such as the type of middleware, the different modules, the configuration of the system, etc. While in a more general list with different types of participants discussion threads were connected to the functionality areas, such as access rights, user interface, and keyword browser.
The structure of the design space is complex and evolving. Several possible structures, such as functional, architectural, and implementation structures can be highly interconnected. The users with different needs and knowledge should be able to navigate and manipulate these structures. The difficulty of structuring a design space for multiple purposes and with overlaps is one of the most serious problems when using mailing lists.
Creating the design space The design space of the project was divided between the mailing lists and the WWW. Most of the artifacts in our case were residing in the WWW, both due to the fact that the prototypes developed during the project were Webbased, but also because the documentation was made available on the Web. External artifacts were created during the project as a result of the collaboration among the members. These artifacts played an essential role during the development process. The essential part of the design space, and specially the cognitive structure of the space in the eyes of most of the participants, was created in the mailing lists as a result of informal collaboration.
The role of prototypes Prototypes constituted the most important design artifacts while developing the system. New prototypes were announced on the mailing lists, and all the participants were asked to test them. Prototypes were also used extensively in communicating the functionality in an easy-to-understand manner.
Having Web-based prototypes was also important for providing the right context for the development process. Due to their availability, new prototypes were tested in a matter of minutes, and feedback was sent to the lists immediately. We believe this would have not happened if the prototypes were of other nature, such as Windowsbased.
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Connecting to the design space
We observed a close connection between the mailing lists and the external artifacts. Artifacts were mainly brought into the collaboration space through attachments and links in the email messages. The members sent their updates to the design documents as files attached to their messages. New releases of the prototypes and mock-ups of the user interface were made available by sending a link to the proper Web server or Web page.
Technical issues
The project team was highly sensible to the type of technology used. Complicated technology for communicating ideas and results was not always successful. An example of this appeared when the development team programmed a Java module in the prototype. It tumed out that because of compatibility problems some members could not view this part of the prototype. This resulted in a breakdown in the feedback cycle, and increased dissatisfaction among participants with low technical knowledge. The same thing happened when the user interface design team started using animation programs for visualizing their screen shots. These programs required the installation of new "helper" software on the client site. Since some of the members did not have access to necessary technical assistance for installing these helper programs, they could not view the screen shots.
Design Implications
Mailing lists proved to be useful for informal collaboration. But the unstructured nature of the mailing lists makes it difficult to provide support when the informal collaboration takes on some structure, which is a natural consequence of creating design artifacts of a more formal nature. Our design implications suggest a system that is able to preserve the informal nature of this collaboration using mailing lists, but which improves the support in the following directions:
Support for structuring the collaboration: Email lists provide static and flat communication spaces. Our experience shows that attempt to isolate discussion threads is important. There should exist mechanisms for creating mailing lists dynamically according to the current discussions. It should also be possible to connect various mailing lists to each other, and to navigate in the communication space created by the mailing lists. Providing awareness of what is happening in the project is also an important part of collaboration support that we mean is missing from mailing lists.
• Supporting the structure of the design space: The design space of an information system is not flat, and consists of numerous artifacts located in interdependencies and hierarchies. Some of these artifacts are abstract, while others are detailed and tangible. There is a need for easily creating and structuring (connecting, dividing, etc.) design artifacts of arbitrary content and format.
Support for connecting to artifacts: The majority of the discussions carried out dunng the project refer in some point to artifacts in the design space. These artifacts play an essential role as external memory for the group of designers working together [5] . A support environment should therefore provide mechanisms for connecting these artifacts to the proper discussions.
Active support: Information systems are normally very large. The number of the artifacts involved is normally in the order of several hundreds, and the number of issues raised and resolved is accordingly large. No matter how sophisticated mechanisms for navigation and access to the artifacts are, there will be a need for active support from the supporting system. By active support we mean that the system will automatically provide the users with proper information according to the task under performance. One such active support that is highly desirable is that of sending notifications of unresolved discussions and issues.
Additional facilities: The system should provide the possibility to "plug in" different facilities, as for example for representing the distribution of expertise, supporting virtual meetings, and voting.
In addition to these requirements, simplicity and openness are also two generic requirements that prove to be of crucial importance in such a context.
Conclusions
We have presented a case study of a two-year period of a distributed IS development project. The case study has resulted in a set of requirements for a support system, a prototype of which is currently under development [4] . We believe that a useful collaboration support tool should fulfill all of the requirements outlined here. In particular, the requirements of simplicity and openness are of great importance due to the heterogeneous nature of the studied project, both in terms of local technical infrastructure, and the diverse background of the participants.
We would like to emphasize that these requirements are not intended for a new development environment, but for a "collaboration layer" that can be plugged in to existing development environments. This layer can then be used to connect distributed groups together, while allowing them to deploy their existing development tools.
Our future work is to fully realize the requirements outlined here in form of a prototype, and to test the prototype in several small student projects. The results from these studies will then be used to further refine the prototype. It is also planned to use the prototype in conjunction with an existing CASE tool.
Introduction
SMART Ideas is a software application designed to support the sharing of knowledge in an organization. It does this through the use of concept maps, web-integrated servers and additional support from web browsers (Figure 1 ). Concept maps, which are simply labeled nodes connected by labeled arcs, provide a graphical means of representing knowledge. Concept maps are used over plain text because they are more "computationally efficient" for people to comprehend since they more closely reflect the non-linear nature of the mind. Thus, we hope that through the use of concept maps, the transfer of knowledge between people in a group is more efficient. Furthermore, concept maps free an author from the cognitive load of a formal grammar and idea linearlization. Concept maps should therefore alleviate the process of externalizing tacit knowledge into a document.
The SMART Ideas program itself in its most basic sense is a Concept map editor. When a user starts the program, they are presented with a blank page where they can create concepts just by typing some letters. Any
